Introduction. -Three Rudbeckia species, R. bicolor, R. hirta, and R. laciniata, are widespread in Korea [1] . Extracts from the plants have been used as traditional Chinese medicine in the treatment of the common cold and urinary diseases [2] . Various phytochemical constituents, i.e., sesquiterpene esters [3 -7] , sesquiterpene lactones [8 -11] , lignans [10] , flavonoids [3] [12] [13] , polyacetylenes [14] , and carotenoids [15] , have been reported from the genus Rudbeckia, and a wide range of biological activities, including antitumour [2 -4] , antioxidant [16] , antibacterial, and antifungal [17 -19] properties, have been investigated.
In our continuing search for bioactive constituents from the Korean Asteraceae medicinal plants, we performed a phytochemical investigation of the MeOH extract from the aerial parts of R. laciniata. By repeated column chromatographic separation of the extract, three new furofuran lignans, 1 -3, along with one known lignan were isolated. The structures were determined using spectroscopic methods including 1D-and 2D-NMR (COSY, HMQC, HMBC, and NOESY). Here, we describe the structure elucidation of the new compounds 1 -3 ( Fig. 1) .
Results and Discussion. -Compound 1 was obtained as a colorless gum. The molecular formula of 1 was determined as C 30 H 34 O 8 from the molecular-ion peak 
þ at m/z 545.2163 in the positive-ion-mode HR-ESI-MS. The IR spectrum of 1 showed absorption bands at 3358 and 1650 cm À1 ascribable to a OH and a C¼O group, respectively. The 1 H-NMR spectrum (Table) of 1 showed signals of two H-atoms of a 1,3,4-trisubstituted benzene at d(H) 7.03 (d, J ¼ 8.5, HÀC(5,5')), 7.00 (d, J ¼ 1.5, HÀC(2,2')), and 6.89 (dd, J ¼ 8.5, 1.5, HÀC(6,6')), of two OÀCH H-atoms at d(H) 4.80 (d, J ¼ 4.0, HÀC(7,7')), of two OCH 2 H-atoms at d(H) 4.28 (dd, J ¼ 9.0, 7.0, HÀC(9a,9'a)), and 3.94 (dd, J ¼ 9.0, 3.5, HÀC(9b,9'b)), and of two CH H-atoms at d(H) 3.07 -3.13 (m, HÀC (8,8') ), and two MeO signals at d(H) 3.87 (s). In the 13 C-NMR spectrum (Table) , ten C-atom signals for a symmetrical structure appeared at d(C) 54.4 (CH), 71.9 (CH 2 O), 85.6 (OCH), 109.9, 117.9, 122.9, 139.2, 139.8, and 151.6
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(benzene C), including MeO signals at d(C) 55.6. These spectral data implied that 1 was a furofuran-type lignan [20] . Additionally, the C-NMR data of 1 were very similar to those of pinoresinol [21] , except for the signals for additional two angeloyl groups [22] . The two angeloyl groups were at C(4) and C(4'), respectively, based on the comparison of 13 C-NMR chemical shifts of 1 with those of pinoresinol (d(C) 151.6 (C (3,3') ), 139.2 (C(4,4')), 122.9 (C(5,5')) in 1; 146.7 (C(3,3')), 145.3 (C(4,4')), 114.3 (C(5,5')) in pinoresinol). The configuration of 1 was deduced to be same as that of (þ)-pinoresinol [20] [23] [24] based on the NOESY correlations (Fig. 2) and by comparison of the coupling constants and optical rotation. C-NMR spectra of 2 were similar to those of 1 (Table) . The main differences were the additional NMR signals (d(H) 6.63 (s, HÀC(2',6')) and 3.83 (s, MeOÀC(3',5')); d(C) 152.7 (C(3',5')), 139.3 (C(1')), 128.0 (C(4')), 102.3 (C(2',6')), and 56.3 (MeOÀC(3',5'))) in 2, impling that 2 has one 1,3,4-trisubstituted and one 1,3,4,5-tetrasubstituted benzene ring. The additional MeO group was at C(5') as deduced from the HMBC between the MeO signal at d(H) 3.83 and d(C) 152.7 (C(5')) (Fig. 3) . The 1 H-and 13 C-NMR spectral data (Table) of 2 were similar to those of medioresinol [21] , except for the presence of signals for the two angeloyl groups. The configuration of 2 was assumed to be same as that of (þ)-medioresinol [20] [21] [25] by comparison its coupling constants and optical-rotation value, and confirmed by NOESY correlations (Fig. 2) . Alkaline hydrolysis of 2 afforded (þ)-medioresinol, which was identified by comparison of its optical-rotation value, and 1 H-NMR and MS data [21] . Thus, the structure of 2 was determined as (þ)-4,4'-O-diangeloylmedioresinol. C-NMR spectra of 3 were similar to those of (þ)-syringaresinol (Table) , except for the signals of the additional two angeloyl groups. The configuration of 3 was assumed to be same as that of (þ)-syringaresinol [20] [21] [25] by comparison its coupling constants and optical rotation value, and verified by NOESY correlations (Fig. 2) . Alkaline hydrolysis of 3 yielded (þ)-syringaresinol, which was identified by comparison of its optical-rotation value, and 1 H-NMR and MS data [21] . Thus, the structure of 3 was determined as (þ)-4,4'-O-diangeloylsyringaresinol.
Sesquiterpene lactons with angeloyl moieties had been already isolated from this plant [7] , but lignans attached to short organic-acid moieites had not been reported. Furofuran lignans containing the angeloyl groups were reported from Ligularia [26] and Cremanthodium species [27] .
The structure of the known compound was identified as (þ)-syringaresinol by comparing its spectroscopic data with those in the literature [21] . Extraction and Isolation. Half-dried aerial parts of R. laciniata (Asteraceae) (7.0 kg) were extracted with 80% MeOH three times at r.t. (6 Â 12 l, overnignt) . The resulting MeOH extracts (400 g) were suspended in dist. H 2 O (800 ml Â 4), and then successively partitioned with hexane, CHCl 3 , AcOEt, and BuOH, yielding residues of 37, 1, 5, and 30 g, resp. The hexane-soluble extract (37 g) was subjected to CC (RP-18 (400 g), 90% MeOH): Frs. 1 -7. Fr. 2 (2 g) was subjected again to CC (SiO 2 (20 g Alkaline Hydrolysis of 1 -3. Compound 1 (1.7 mg) was hydrolyzed with 0.1m KOH (1 ml) at r.t. for 3 h. After adding H 2 O (3 ml), the mixture was extracted with CHCl 3 three times, and the CHCl 3 extract was evaporated in vacuo. The CHCl 3 1 H-NMR (CDCl 3 , 500 MHz): 6.58 (s, HÀC(2,6,2',6')) ; 4.74 (d, J ¼ 4.0, HÀC(7,7')) ; 4.24 (dd, J ¼ 9.0, 7.0, HÀC(9a,9a')) ; 3.90 (s, MeOÀC(3,5,3',5')); 3.88 (dd, J ¼ 9.0, 3.5, HÀC(9b,9b')); 3.10 -3.13 (m, HÀC (8, 8') 
